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(57) ABSTRACT 

A computing device is described that includes a user interface 
to receive contribution data of an enterprise and to display a 
sheet of the contribution data, an annotation interface module 
to receive one or more annotations for objects of the contri 
bution data, a planning application to retrieve a context defi 
nition defining a context in which each of the annotations was 
received, and an annotation table to store each of the annota 
tions and the context definition corresponding to each of the 
annotations. The user interface may be configured to output 
the annotations. The computing device may improve the col 
laborative process of developing multidimensional data. 
Users of the computing device may quickly and easily share 
their thoughts, questions, and comments about the data 
through annotations. Recreating an annotated sheet may be 
done efficiently by storing relevant coordinates. 

300 1. 
Tutorial3- Contributor 

File Edit View Toals Workflow Actions Help 

i E i r S & N p Ei(S) is a y : (6) (c. a Y : 
----- Econnen : Revenue Plan inegie Statement 

"...." 310 ". Jits g sees Budge version tP. -312 . roduct Gross Margin Channels Wersions 314 

3O8 Felo3 Mar03 Apr-03 May-O3 Junos Ju-03 Augos sep-03 Octo3 Nov-03 Dec.03 
ALLPRODUCTs 187,803 || 236,138377,160 454,448,324,050 488,797 394,423 332,601527,399 545, 

INOOOR 172,392.213,299 343,391 421,058 294,139 449,537 358,730 367,997 35,21381,10 293,933 478398 4,131, 
PROFESSIONAL 26,818 36,263 92,327 57,780 91.992 75,002 75,982 74,625 84,362 71,048 95,793 B39, 
12WHeavy Duty Dril OriverKi 756 1625 9333 16,973 5,388 3643 78s 
12WProfessional Dill/Driver Kit with Flashlight 3160 
14.4WHeavy Duty Drill Driver Kit 4 O O 
14.4WProfessional Drilloriver Kit with Flashlight sing 29,415 1697 
18WCordless Circular Saw O O o 2 
18W Heavy Duty Drill Driver Kit 649 880 1992 2,131 
18W Professionari river Kit 9,267 9,451 15,756 26,965 4,141 8,543 24,798 
18W TrimSaw DrilliverKit O O 3 16,240 22,502 O re 

HOMOWNER 88,009 107,084 78,14, 198,360. 135,425 28,985 166,353 
12WDIYDiDriverKi 95 109 129, 229 765 1,227 1,227 
12WDrilDriver Kit With Heavy Duty Too Bag B O O o O 
12W Heavy Duty Flashlight 93 93 29, 29 62 37 

14.4WCircular Saw, Drill Driver, Flashlight Combo O o O 
14.4WDrilliDriver Kit with Flashlight O O O O 1704 2,792 
SWCYDOrief Kit 80,570 95,714 159,818 130,363 19,651 185582 149,383 141,899 1614 184,610 
72WCenterane Codless Olive Kit 92 323 O 93 tD26 BSO 

72WDIY fillier Kit 7,145 13 5,573 8,796 7,027 7,933, 6,647 
9.8DYillriver Kit 5,060 4,923 4,394 4,794 4,462 4,058 

9.6W Drill/Driver Kit With Heavy DutyTool Bag 4,747 4,515 4.92 5,036 4,921 5,210 
EDRILLS 5,224 7,029 6,129 6,833, 7,163, 5,750 

1.2Wariable Speed Reversible Drill 89 212 
c 

  

    

  



Patent Application Publication Jun. 4, 2009 Sheet 1 of 11 US 2009/O144313 A1 

ENTERPRISE 

- 10 

COMPUTING COMPUTING COMPUTING 
DEVICE DEVICE DEVICE 
16A 16B 16N 

ENTERPRISE 
NETWORK SYSTEM 

18 14 

FIG. 1 

  



Patent Application Publication Jun. 4, 2009 Sheet 2 of 11 US 2009/O144313 A1 

ENTERPRISE 
SYSTEM 

14 

NETWORK 
18 

COMPUTING DEVICE 
16A 

PLANNING APPLICATION 
25 

USER INTERFACE 
ANNOTATION 20 
INTERFACE COMMENTARY 
MODULE BROWSER 

38 36 

OBJECT MODEL 
INTERFACE 

26 
CALCULATION 

ENGINE 
22 

OBJECT 
MODEL 
28 

OBJECT STORE 

ANNOTATION 
TABLE 

ANNOTATION 
TABLE S. 

GLOBAL 
ANNOTATION 

TABLE 
35 DIMENSIONALE ool DIMENSIONAL 

DATA CUBE 15. DATA CUBE 
32A y 32N 

  

  

        

  

  

    

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

    

  

  

  

  

  



Patent Application Publication Jun. 4, 2009 Sheet 3 of 11 US 2009/O144313 A1 

100 
RECEIVE REQUEST TO ENTER 
ANNOTATION FOR A CELL 

102 

RETRIEVE SHEET DEFINITION 

104 
RETREVE COORDINATE OF 
CELL FOR ANNOTATION 

106 
RETRIEVE USERID, DATE, AND 

CELL VALUE 

PROMPT USER FOR A 108 
COMMENT 

RETRIEVE COMMENT FROM 110 
USER 

FIRST 
ANNOTATION? 

NO STORE ANNOTATION WITH 116 
PREVIOUS ANNOTATION(S) 

YES 

STORE ANNOTATIONAS A NEW 114 
ANNOTATION 

FIG. 3 

  



Patent Application Publication Jun. 4, 2009 Sheet 4 of 11 US 2009/O144313 A1 

200 
RECEIVE RECQUEST TO VIEW 

ANNOTATION LIST 

202 
EXAMINE ANNOTATION TABLE 

FOR ANNOTATED CELLS 

204 

CREATE LIST OF ANNOTATIONS 

2O6 
DISPLAY LIST OF AVAILABLE 

ANNOTATIONS 

208 
RECEIVE SELECTION OF AN 

ANNOTATION 

210 
RETRIEVE SHEET DEFINITION 
FOR SELECTED ANNOTATION 

212 
DISPLAY ANNOTATION, LINK, 
AND AVAILABLE OPTIONS 

SELECT 214 
OFFERENT 

ANNOTATION OPTION VIEW 
SELECTION 

DELETE 

remove Annotation from Y' DISPLAY SHEET FOR 218 
ANNOTATION TABLE SELECTED ANNOTATION 

FIG. 4 

  

  

  

    

  

  



US 2009/0144.313 A1 Jun. 4, 2009 Sheet 5 of 11 Patent Application Publication 

I 
als 

c) 
n 

s 

  



ra 
C 

US 2009/0144.313 A1 

o 
rs ed 

Jun. 4, 2009 Sheet 6 of 11 

ra. N. 

Patent Application Publication 

  



[--T,-I-L-L---|---- 

US 2009/0144.313 A1 

TOTOOID . E 

o 
s 

288 0 

8:19 TEDET No. | 0,57|| 

r 
n r 

N 

Jun. 4, 2009 Sheet 7 of 11 

n O 
o c 
w c 

w C 

TVNOISS33084E) BOOONIE S?OnOOHd TTVEJ 

6 

A. 
r 

r 
co 
r 

Patent Application Publication 

  

  

  

  

  

  

    

  

  

  

  

  

  



US 2009/O144313 A1 Jun. 4, 2009 Sheet 8 of 11 Patent Application Publication 

HENMOBWOHEJ 

| 
• (s) 

  



US 2009/O144313 A1 Jun. 4, 2009 Sheet 9 of 11 Patent Application Publication 

TOEZOELOEL 

191 

[] 288 

| 18 || 

STTIHJEI 

28'e 

TVNOISSB40BdE 

  



US 2009/O144313 A1 

f 

s 

£1778 

r 

Jun. 4, 2009 Sheet 10 of 11 

| 

Patent Application Publication 

    

  

  

  

  

  

  

  

  
  

  

  

  

  

  

  

  

  

  

  



L?DZ || 55 || & | 

Zlz 

| 5207 ||[5058 || 

US 2009/0144.313 A1 Jun. 4, 2009 Sheet 11 of 11 

HOOGNIE 0n00Bd TTVEJ 

X 

uela anuaAeg ? ; 

Patent Application Publication 

  

  

  

  

  

  
  

  

  

  

  

    

    

  

  

  

  

  

  

  

  



US 2009/O 144313 A1 

DATA ENTRY COMMENTARY AND SHEET 
RECONSTRUCTION FOR 

MULTIDIMIENSIONAL ENTERPRISE 
SYSTEM 

TECHNICAL FIELD 

0001. The invention relates to enterprise systems, for 
example, enterprise planning and performance management 
systems. 

BACKGROUND 

0002 Enterprise software systems are typically, sophisti 
cated, large-scale systems that Support many, e.g., hundreds 
or thousands, of concurrent users. Examples of enterprise 
Software systems include inventory management systems, 
budget planning systems, order management systems, inven 
tory management systems, sales force management systems, 
business intelligence tools, enterprise reporting tools, project 
and resource management systems, and other enterprise soft 
ware systems. 
0003. A computing device for a user typically connects to 
the enterprise Software system via a computing network. The 
user computing device may provide an operating environ 
ment for concurrent execution of multiple planning applica 
tions that access multidimensional data stored to a cache on 
the computing device. Typically, the user computing device 
includes a cache to store datasets requested by the user. In 
many cases the cache stores complex, multi-dimensional 
datasets, i.e., data cubes, which the user computing device 
may download from the enterprise software system via the 
network connection. 
0004 Various users may enter, review, and/or change data 
in an enterprise system using the computing device. For 
example, a contributor may enter data in a cell, and a reviewer 
may review the data in the cell. The reviewer may accept, 
reject, or change the data. The reviewer may request that the 
contributor to look over the changes or re-work the data in 
light of the review when the reviewer changes or rejects the 
data. 

SUMMARY 

0005. In general, the invention is directed to techniques for 
annotating data of an enterprise system. An enterprise system 
may store data in one or more multidimensional databases or 
data cubes. A user of the enterprise system may retrieve, 
observe, manipulate, and/or store the data within a sheet 
presentation of a view of the data. A plurality of users may 
cooperatively develop the data, and each of the users may 
need to recreate the same sheet of a particular data cube. The 
techniques described herein may improve the cooperative 
development of the data by enabling the users to communi 
cate with each other through the use of annotations. 
0006. The techniques described herein may enable users 
to annotate various objects of the data. An annotation may 
include either or both of text-based commentary and attach 
ing a file to the annotated data object. For example, a user may 
have a question or comment about a particular cell of a par 
ticular sheet. The user may be, for example, a reviewer who 
would like clarification about a particular data entry. Such as 
how a different user, e.g. a contributor, arrived at the particu 
lar entry. An annotation from the reviewer may only be rel 
evant with respect to a specific sheet. According to the tech 
niques described herein, the enterprise system may store the 
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annotation along with a context that defines the sheet and the 
coordinates of the cell to which the annotation applies. The 
context definition may define how to recreate the sheet, and 
the coordinates may identify a particular cell of the sheet. A 
computing device may use the context to recreate the sheet 
and the coordinates to identify a particular annotated cell. 
0007. The contributor may see that an annotation exists 
and instruct a computing device to recreate the sheet for 
which the annotation was relevant according to the context in 
which the annotation was entered. The contributor may then 
take an appropriate action with respect to the annotation. For 
example, the contributor may alter the entry or reply with an 
additional annotation explaining the reasons behind the par 
ticular entry. If the contributor replies with an additional 
annotation, the reviewer may again retrieve the data and see 
the original annotation as well as the annotation from the 
contributor. The techniques described herein may also enable 
a user to enter an annotation for other objects, such as the 
sheet as a whole or an entire data cube, and the techniques 
may permit other users to quickly recreate the view and 
observe the annotation. 
0008. In one embodiment, a method comprises receiving 
contribution data of an enterprise in accordance with a multi 
level enterprise model, storing the contribution data within a 
database, receiving a first annotation for an object of the 
contribution data, retrieving a context definition defining a 
context in which the first annotation was received, receiving a 
second annotation for the object within the same context as 
the context in which the first annotation was received, storing 
the first annotation, the second annotation, and the context 
definition, and outputting the first annotation and the second 
annotation. 
0009. In another embodiment, a method comprises 
retrieving contribution data from an enterprise system, 
retrieving a first annotation for an object of the contribution 
data from the enterprise system, retrieving a context defini 
tion defining a context in which the first annotation was 
entered, generating a link to the context defined by the context 
definition, and outputting the link. 
0010. In another embodiment, a computing device 
includes a user interface to receive contribution data of an 
enterprise and to display a sheet of the contribution data. The 
computing device also includes an annotation interface mod 
ule to receive one or more annotations for objects of the 
contribution data. The computing device further includes a 
planning application to retrieve a context definition defining a 
context in which each of the annotations was received. More 
over, the computing device includes an annotation table to 
store each of the annotations and the context definition cor 
responding to each of the annotations, wherein the user inter 
face is configured to output the annotations. 
0011. In another embodiment, the invention is directed to 
a computer-readable medium containing instructions. The 
computer-readable medium may be a computer-readable 
storage medium, Such as, for example, random access 
memory (RAM), read only memory (ROM), programmable 
ROM (PROM), erasable PROM (EPROM), electronically 
erasable PROM (EEPROM), flash memory, or other suitable 
memory. The instructions cause a programmable processor to 
receive contribution data of an enterprise in accordance with 
a multi-level enterprise model, store the contribution data 
within a database, receive a first annotation for an object of 
the contribution data, retrieve a context definition defining a 
context in which the first annotation was received, receive a 
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second annotation for the object within the same context as 
the context in which the first annotation was received, store 
the first annotation, the second annotation, and the context 
definition, and display the first annotation and the second 
annotation to a user. 
0012. The techniques described herein may offer several 
advantages. For example, the techniques may improve the 
collaborative process of developing multidimensional data. 
With the ability of a user to add annotations to a particular 
entry or a view of the data, users of the enterprise system may 
quickly and easily share their thoughts, questions, and com 
ments about the data. These annotations may only be relevant 
with respect to a particular view. Because of the many pos 
sible sheets that are possible to create, a specific sheet may be 
difficult, if not impossible, to recreate, either by the system 
itself or from a user's memory. By storing the context that 
defines a specific sheet, recreating a specific sheet may be 
done efficiently and may easily allow users who work with the 
same data to coordinate their efforts toward contribution and 
review of the data more efficiently. 
0013 The details of one or more embodiments of the 
invention are set forth in the accompanying drawings and the 
description below. Other features, objects, and advantages of 
the invention will be apparent from the description and draw 
ings, and from the claims. 

BRIEF DESCRIPTION OF DRAWINGS 

0014 FIG. 1 is a block diagram illustrating an example 
enterprise having a computing environment in which a plu 
rality of users interact with an enterprise system. 
0015 FIG. 2 is a block diagram illustrating an example 
embodiment of a computing device for interacting with the 
enterprise system. 
0016 FIG.3 is a flowchart illustrating an example process 
for entering an annotation. 
0017 FIG. 4 is a flowchart illustrating an example process 
for displaying a list of annotations. 
0018 FIG. 5 is an example screen illustration of a user 
interface for viewing and entering enterprise planning data. 
0019 FIG. 6 is an example screen illustration of a user 
interface for requesting to enter an annotation. 
0020 FIG. 7 is an example screen illustration of a user 
interface upon which an annotation entry window is Super 
imposed. 
0021 FIG. 8 is an example screen illustration of a user 
interface displaying an annotation viewing window for a cell 
of planning data in a table. 
0022 FIG. 9 is an example screen illustration of a user 
interface upon which a Subsequent annotation entry window 
is Superimposed. 
0023 FIG. 10 is an example screen illustration of a user 
interface displaying an annotation viewing window that 
includes multiple annotations for a cell of planning data in a 
table. 
0024 FIG. 11 is an example screen illustration of user 
interface upon which a commentary browser window is 
Superimposed. 

DETAILED DESCRIPTION 

0025 FIG. 1 is a block diagram illustrating an example 
enterprise 4 having a computing environment 10 in which a 
plurality of users 12A-12N (“users 12) access an enterprise 
system 14. Such as an enterprise planning system. In the 

Jun. 4, 2009 

system shown in FIG. 1, enterprise system 14 communica 
tively couples to a number of computing devices 16A-16N 
("computing devices 16”) by a network 18. Users 12 may 
interact with computing devices 16 to access enterprise sys 
tem 14. Although FIG. 1 depicts a one-to-one correspondence 
between users 12 and computing devices 16, other embodi 
ments may permit any number of users to access a particular 
one of computing devices 16. Likewise, one user, e.g. user 
12A, may have access to a plurality of computing devices 16. 
0026 Enterprise users 12 may utilize a variety of comput 
ing devices to interact with enterprise system 14 via network 
18. For example, an enterprise user may interact with enter 
prise system 14 using a laptop computer, desktop computer, 
or the like, running a web browser, Such as Internet 
ExplorerTM from Microsoft Corporation of Redmond, Wash. 
Alternatively, an enterprise user may use a personal digital 
assistant (PDA), such as a PalmTM organizer from Palm Inc. of 
Santa Clara, Calif., a web-enabled cellular phone, or similar 
device. 
0027 Network 18 represents any communication net 
work, such as a packet-based digital network like the Internet. 
In this manner, system 10 can readily scale to Suit large 
enterprises. Enterprise users 12 may directly access enter 
prise system 14 via a local area network, or may remotely 
access enterprise system 14 via a virtual private network, 
remote dial-up, or similar remote access communication 
mechanism. 
0028. For exemplary purposes, the invention will be 
described in reference to a performance management and 
enterprise planning system, Such as an enterprise-wide finan 
cial management system or budget planning system. The 
techniques described herein may be readily applied to other 
Software systems, including other large-scale enterprise Soft 
ware systems. Examples of enterprise Software systems 
include order management systems, inventory management 
systems, sales force management systems, business intelli 
gence tools, enterprise reporting tools, project and resource 
management systems and other enterprise Software systems. 
0029. In one example embodiment, enterprise system 14 
enables and automates the reconciliation of top-down targets 
with detailed bottom-up forecasts for an enterprise. Enter 
prise system 14 implements and manages an enterprise plan 
ning process, which can be divided into three stages: (1) a 
modeling stage during which a model is constructed, (2) a 
contribution stage during which planning data is collected, 
and (3) a review and performance management stage during 
which the planning data can be selectively accepted and ana 
lyzed. 
0030. Initially, high-level enterprise managers or execu 
tives, referred to as analysts, define organizational targets, 
and build planning models for the enterprise. The analysts 
may include, for example, financial analysts, such as the chief 
financial officer, senior financial analysts or product and sales 
analysts. More specifically, the analysts develop a model 
having a number of hierarchically arranged nodes represent 
ing various cost centers within the organization, such as busi 
ness units or departments. The analysts specify corporate 
target data for each node of the organizational hierarchy. 
Corporate target data may include financial data, revenue 
data, order data, inventory data, and the like, depending on the 
particular enterprise planning activity being carried out by the 
enterprise. 
0031. Next, the analysts assign one or more enterprise 
users to each node. Such as managers, Supervisors, sales rep 
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resentatives, lab managers, or the like, that are responsible for 
enterprise planning for the cost center corresponding to the 
node. Each enterprise user may be designated as a contributor 
that provides planning data to enterprise system 14, a 
reviewer that accepts or rejects contributions from the con 
tributors, or both. The contributors and reviewers may be 
authorized users within the enterprise, e.g. users 12, or within 
other entities coupled to network 18, such as suppliers or 
CuStOmerS. 

0032 Typically, enterprise users 12 that are designated as 
contributors interact with enterprise system 14 to input 
detailed forecasts in the form of contribution data. As 
described above, enterprise users 12 may provide detailed 
financial forecasts, revenue forecasts, order forecasts, inven 
tory forecasts, estimated resource requirements, and the like, 
depending on the particular enterprise planning activity being 
carried out by the enterprise. Users 12 may also enter and/or 
review annotations from other users 12 inaccordance with the 
techniques as described in greater detail below. 
0033 Enterprise system 14 automates the reconciliation 
of the forecast data with the corporate target data provided by 
the analysts. In particular, enterprise system 14 operates in 
accordance with a defined model, i.e., the enterprise planning 
model created by the analysts, to provide a hierarchical plan 
ning process having multiple reconciliation levels. As each of 
the contributors provides his or her contribution data, enter 
prise system 14 automatically aggregates the contribution 
data across the enterprise in real-time, and provides access to 
the aggregated data to enterprise users 12 designated as 
reviewers associated with higher levels of the enterprise. In 
particular, upon receiving contribution data from the con 
tributors, enterprise system 14 identifies all higher levels of 
the organizational model affected by the newly received con 
tribution data, and calculates new aggregate totals at each 
level in real-time. 
0034 Consequently, the reviewers view aggregated data 
across the enterprise in real-time during the enterprise plan 
ning session. At each level, enterprise system 14 ensures that 
the reviewers, as defined by the nodes of the enterprise model, 
reconcile the target data with the forecast data. Each of the 
reviewers may, for example, reject or accept the contribution 
data in view of corporate targets provided by the analysts. 
Moreover, enterprise system 14 may enable a user to annotate 
an entry of contribution data. Enterprise system 14 may store 
characteristics of the sheet in which a user entered an anno 
tation at the time of the annotation in order to enable simple 
recreation of the sheet by the same user or a Subsequent user 
who would like to review the annotation. The process of 
reviewing and accepting or rejecting, revising, and again 
reviewing continues until the contribution data is ultimately 
approved by the highest level of the organizational hierarchy, 
thereby ensuring that the contribution data from the contribu 
tors reconciles with corporate targets provided by the ana 
lysts. The ability to annotate data and to review the annota 
tions may improve the efficiency of this process. 
0035 An annotation may contain various information. For 
example, the annotation may contain the name or a user 
identification (ID) of the user who entered the annotation, the 
date/time at which the annotation was entered, the value of the 
object being annotated at the time of the annotation, and a 
comment from the user. As an example of a situation in which 
an annotation may be used, a contributor may annotate an 
entry that the contributor believes is especially important, 
about which the contributor is unsure or has a question, or for 
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other various reasons. As another example, a reviewer may 
also wish to annotate certain entries, such as an entry that the 
reviewer believes has an incorrect value. The reviewer may 
also add a second annotation to an entry from a contributor 
when the contributor has annotated the entry, for example, to 
ask a question. Enterprise system 14 may store an entire 
history of annotations for a particular entry. In continuing 
with the example, enterprise system 14 may store the original 
annotation from the contributor as well as the annotation from 
the reviewer. Each annotation may include the name/identi 
fication of the annotator, the date/time at which the annotation 
was entered, the specific value of the entry at the time of the 
annotation, a dimensional context for the annotation, such as 
the coordinates, and comments from the annotator. 
0036 Additionally, a user may annotate a cellor other data 
object by attaching a document or other file to the data object 
to be annotated. Enterprise system 14 may present an inter 
face by which a user may request to attacha document to, for 
example, a cell. The user may then attach a particular docu 
ment to the cell. When a subsequent user requests to view the 
comment, enterprise system 14 may open the attached docu 
ment and display the attached document to the user. 
0037 Enterprise system 14 may enable annotations of any 
type of object associated with the data. In one embodiment, 
enterprise system 14 may permit annotation of an entire sheet. 
In this case, the annotation need not contain the current value 
(s) of any of the entries in the sheet. Enterprise system 14 may 
store coordinates defining how to reconstruct the sheet when 
an annotation is relevant to the entire sheet. Moreover, enter 
prise system 14 may store a history of annotations with 
respect to the entire sheet if another user enters an annotation 
relevant to the same sheet in which a different user had pre 
viously entered an annotation. In some embodiments, enter 
prise system 14 may enable annotation of all objects associ 
ated with multidimensional data, such as cells, sheets, 
datacubes, or other such objects. 
0038 Enterprise system 14 may enable organizations to 
reconcile corporate models and organizational targets with 
detailed forecasts. Enterprise system 14 may provide a plat 
form that delivers collaborative, real-time planning capabili 
ties, without requiring offline consolidation and aggregation 
of forecasts. Because enterprise system 14 can aggregate 
contribution data in real-time, all users 12 can be presented 
with an accurate, up-to-date view of the numbers. Enterprise 
system 14 may also present all users 12 with the ability to 
view annotations. Further, the architecture of enterprise sys 
tem 14 can readily scale to thousands of users, and may be 
designed around best planning practices. In addition, the 
techniques enabling high participation by enterprise users 12, 
i.e., the contributors and reviewers, allowing accurate plan 
ning cycles to be reduced. 
0039 Enterprise system 14 may utilize a "cut-down' pro 
cess by which the multi-dimensional data store is "sliced for 
each user 12 in accordance with the defined enterprise model. 
During this process, enterprise system 14 identifies areas of 
the defined model to which users 12 are assigned, either as 
contributors or reviewers, and "slices” the data store based on 
the assignments. When a given user 12 logs in and proceeds 
with an enterprise planning activity, enterprise system 14 
communicates the respective data slice to the respective com 
puting device 16 for display to the user via the extended 
spreadsheet application. In this fashion, enterprise system 14 
need not communicate the entire model to each of users 12, 
thereby reducing communication time as well as resource 
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requirements. Instead, each user 12 receives only relevant 
information. Users 12 interact with computing devices 16 to 
capture contribution data, and to reconcile the contribution 
data with organizational targets. 
0040. A computing device, such computing device 16A, 
may represent a particular slice of a data cube with one or 
more sheets. A sheet may be, for example, a cross tab display 
similar to a spreadsheet document. As described herein, 
sheets relate to a two-dimensional representation of data from 
a multidimensional data cube. On the other hand, a spread 
sheet document, such as a Microsoft Excel document, is 
typically a representation of two dimensional data from a 
relational database. Although a sheet typically may not simul 
taneously display data for each of the plurality of dimensions 
from which the sheet is derived (due in part to the two 
dimensional nature of display devices, such as monitors), 
sheets generally contain data retrieved from a plurality of 
dimensions of a data cube. For example, the sheet may select 
one value for each ofcertain dimensions, e.g. all but two of the 
dimensions, of the data cube. The sheet may then display all 
data for the two other dimensions in a cross tab display. 
0041. The techniques described herein may offer several 
advantages. For example, the techniques may improve the 
collaborative process of developing multidimensional data. 
With the ability of users 12 to add annotations to a particular 
cell or other object associated with the data, users 12 of 
enterprise system 14 may quickly and easily share their 
thoughts and questions about the data. These annotations may 
only be relevant with respect to a particular sheet. Because of 
the many possible sheets that are possible to view, a specific 
sheet may be difficult to recreate by the system itself or from 
a user's memory. By storing the coordinates of, for example, 
a cell to which an annotation relates, recreating a specific 
sheet may be done efficiently and may easily allow users who 
work with the same data to coordinate their efforts in a more 
efficient fashion. 
0042 FIG. 2 is a block diagram illustrating one embodi 
ment of a computing device 16A for interacting with enter 
prise system 14. In the exemplary embodiment, computing 
device 16A includes planning application 25 that includes a 
user interface 20, a calculation engine 22, an object model 
interface 26, an object model 28, and an object store 30. 
Computing device 16A may include computer-readable 
media to store executable instructions for causing a program 
mable processor to carry out the methods described herein. 
The computer-readable media may be computer-readable 
storage media, such as RAM, ROM, PROM, EEPROM, or 
other suitable computer-readable media. 
0043. Planning application 25 represents a planning appli 
cation executing on computing device 16A. For example, 
planning application 25 may include user interface tools, 
reporting tools, modeling tools, spreadsheet applications, 
data collection templates, business intelligence tools, or other 
types of enterprise planning applications. Planning applica 
tion 25 may specify operations that object model 28 performs 
upon data cubes 32 through interactions with object model 
interface 26. 
0044) Object model interface 26 comprises an application 
programming interface (API) 27 that exposes object model 
28. For example, object model 28 may be a metadata model 
for data cubes 32 that represent multidimensional data from 
one or more data cubes. Object store 30 may comprise 
memory, such as a cache, that stores specific instantiations of 
object model 28. Multidimensional data cubes 32A-32N 
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(“data cubes 32) of object store 30 each store multidimen 
sional data in accordance with object model 28. 
0045. In general, object model 28 represents any hierarchy 
of data objects, and may comprise a series of collections and 
objects within the collections. In other words, object model 
28 may comprise a hierarchy of objects, each of which con 
tains a collection which in turn provides access to one or more 
objects. Object model 28 may be wrapped to protect the 
objects within the collections. In this way, user 12A and 
planning application 25 cannot directly alter the data within 
object store 30 of object model 28. Instead, planning appli 
cation 25 interacts with object model 28 via object model 
interface 26, and more particularly API 27, to specify opera 
tions object model 28 may perform. In particular, object 
model interface 26 receives operation calls from planning 
application 25 via API 27 and may return the result of the 
operations to planning application 25. 
0046. In the example of enterprise planning, user 12A may 
interact with user interface 20 to enter and manipulate enter 
prise planning data, Such as budget or forecast data. User 
interface 20 may be, for example, a web browser front-end 
Such as an ActiveX component, a Java applet, or any other 
suitable web browser front-end. As another example, user 
interface 20 may be a graphical user interface (GUI), for 
example, a GUI compatible with Microsoft Windows, the X 
Window System, Aqua, or other user interface and/or win 
dowing systems. 
0047 Data cubes 32 may store multidimensional planning 
data, which may include top-down targets, and bottom-up 
contribution data, and may allow all calculations for an enter 
prise planning session to be performed locally by computing 
device 16A using, e.g., calculation engine 22. 
0048 Object model 28 may maintain annotation tables 
24A-24N (“annotation tables 24”) in object store 30. In the 
example embodiment as shown in FIG. 2, object model 28 
maintains one annotation table per multidimensional data 
cube, as well as a global annotation table 35. Although illus 
trated in FIG. 2 as separate tables for the purpose of clarity, 
annotation tables 24 may be incorporated into respective ones 
of data cubes 32. For example, data cube 32A may include an 
'annotations' dimension, which may include cells that store 
annotations for other cells in data cube 32A. 
0049 Planning application 25 may retrieve annotation 
data from enterprise system 14 through network 18 in addi 
tion to retrieving multidimensional data. Object model 28 
may store annotations relevant to data cubes 32 in corre 
sponding annotation tables 24. Entries in annotation tables 24 
may be relevant to a particular cell, sheet, data cube, or other 
higher-order data object. For example, an annotation in anno 
tation table 24A relevant to a particular cell may store the 
coordinates of the relevant cell of data cube 34A as well as a 
context definition defining the context in which the annota 
tion was entered. As another example, an annotation in anno 
tation table 24A may relate to data cube 32A in its entirety. 
0050 Global annotation table 35 may include entries that 
storeannotations for individual ones of data cubes 32, for a set 
of two or more of data cubes 32, for user planning data as a 
whole, and/or for other objects of enterprise system 14. 
Although illustrated in FIG. 2 as a separate table for purposes 
of clarity, global annotation table 35 may be incorporated into 
one or more of annotation tables 24 or into one or more of data 
cubes 32. 

0051. User interface 20 may include annotation interface 
(IF) module 38 and commentary browser 36. User interface 
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20 may present an interface by which a user, Such as user 12A, 
may interact with a particular sheet. A sheet, as described 
above, may be a particular view of the data stored in object 
store 30. For example, a sheet may present a cross tab display, 
such as a spreadsheet view, of the data, wherein two of the 
dimensions of a multidimensional data cube may be dis 
played in full, while the remaining dimensions are isolated to 
a single value for each dimension. A sheet may also presentan 
aggregation of the data, for example, as a result of a multidi 
mensional data query. User interface 20 may receive a request 
for a particular sheet from user 12A. User interface 20 may 
transmit the request to object model 28 through object model 
interface 26 to retrieve the requested data in order to populate 
the sheet with the correct values. Planning application 25 may 
retrieve multidimensional data from enterprise system 14 
through network 18 with which to populate data cubes 32. For 
example, planning application 25 may retrieve data corre 
sponding to one or more data cubes from enterprise system 
14. 

0052 Annotation IF module 38 may present an interface 
by which a user, Such as user 12A, may enter an annotation 
with respect to a particular cellor other object. Annotation IF 
module 38 may retrieve the definition of the current sheet 
from user interface 20. For example, annotation IF module 38 
may retrieve information defining what dimensions were 
used to create the sheet. Annotation IF module 38 may store 
the definition of the current sheet along with an annotation 
entered by user 12A such that when the annotation is 
retrieved, by either user 12A or by another user, e.g., user 
12B, user interface 20 may reconstruct the sheet in which the 
annotation was entered. In this way, the user retrieving the 
annotation may more accurately interpret the annotation 
because the retrieving user may readily observe the context in 
which the annotation was entered. 

0053 A context is generally the sheet or other display in 
which a particular annotation is received. For example, a data 
cube may have N dimensions D, 1 sisN. The data cube may 
be defined as {D, D, ..., D.}. A cell of the data cube may 
be defined as {DX, D.XI. . . . , DMX}, where 
1sxsD.I. A sheet of the data cube may be defined as {D, 
(x),..., D. D. ..., DMXx} for somej, k such that 1sjSN, 
1sksN, and jzk. Thus the context of an annotation for a 
particular cell {D,a), D.Ibl} of the sheet is the sheet itself, i.e. 
{D,x),..., D...., D. ..., DMX w. Planning application 
25 may store an annotation in a corresponding one of anno 
tation tables 24, as well as the definition of the context in 
which the annotation was entered. When the annotation 
relates to a particular cell, planning application 25 may fur 
ther store the coordinates of the cell in the corresponding one 
of annotation tables 24. 

0054 Annotation IF module 38 may also enable users 12 
to enter a plurality of annotations with respect to the same 
data entry. For example, user 12A may initially enter an 
annotation for a cell, and later, user 12B may enter an anno 
tation for the same cell. Likewise, user 12A may enter an 
additional annotation for a cell for which user 12A has 
already entered an annotation, with or without an annotation 
from a different one of users 12. Annotation IF module 38 
may maintainalist, Such as an array, a linked list, or other data 
structure storing annotations for the cell in annotation tables 
24. Each of the annotations in annotation tables 24 may 
include, for example, the name or user ID of the user who 
entered the annotation, the date on which the annotation was 
entered, the current value of the cell for which the annotation 
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is entered, and comments from the user. User interface 20 
may present each of the annotations to a user viewing the 
sheet containing the cell for which the annotations were 
entered. 
0055 As an example, user 12A, who may be a contributor, 
can modify his or her respective contribution data, and per 
form calculations necessary for the enterprise planning pro 
cess without necessarily accessing enterprise system 14. User 
12A may also enter an annotation with respect to a cell, a 
sheet, or other data object using annotation IF module 38. 
User 12A may save the planning data locally, and Submit the 
planning data, including the annotations, to enterprise system 
14 for aggregation with the planning data from other users 12. 
One or more of the other users 12 may enter further annota 
tions or delete annotations from user 12A. 
0056. An annotation may be stored along with a definition 
of the context in which the annotation was entered. For 
example, a data cube may include five dimensions {A, B, C, 
D. E. One of users 12, such as user 12A, may request the 
sheet defined by particular values of dimensions A, B, and D, 
e.g. A3, B2, D7 while requesting CxE as a cross-tab 
display, wherein the notation Mi denotes the ith value of 
dimension M. User 12A may then enteran annotation in, e.g., 
cell C5), E13. An entry stored in a corresponding one of 
annotation tables 24 may include the annotation data, such as 
user name, date, comment, and/or current value of the cell, the 
definition of the context, i.e. the sheet definition (AI3). B2). 
D7). CxE}, and the index of the annotated cell, i.e. C5), 
E13. 
0057 Planning application 25 may determine whether 
annotations exist with respect to a requested sheet or any of 
the cells of the sheet when populating the sheet with the data. 
For example, planning application 25 may search annotation 
tables 24 and global annotation table 35 for annotations relat 
ing to cells or other objects of data cubes 32. For each cell or 
other object for which an annotation exists, user interface 20 
may present an indication to user 12A that an annotation 
exists. For example, when a particular cell includes an anno 
tation, user interface 20 may present a flag within the cell, as 
shown in the exemplary screenshot of FIG. 8. User interface 
20 may indicate the existence of an annotation in other ways 
as well. Such as highlighting the annotated cell in a particular 
color, presenting the text of the annotated cell in bold, italics, 
underline, or a different font, outlining the annotated cell with 
a border or partial border, or by other means. 
0.058 User interface 20 may display an annotation when 
user 12A requests to view the annotation. For example, user 
12A may request to view the annotation by using a pointer 
controlled by a mouse attached to computing device 16A to 
hover over the cell for which an annotation exists; user inter 
face 20 may interpret the hovering as a request to view the 
annotation and, when user 12A moves the pointer away from 
the annotated cell, user interface 20 may determine that user 
12A no longer wishes to view the annotation. User interface 
20 may display the annotation, for example, as a “tooltip, i.e. 
a window that appears next to the annotated cell after the 
pointer has hovered over the annotated cell for a certain 
period of time and that disappears when the pointer is moved 
away from the annotated cell. User interface 20 may also 
display the annotation by other means, for example, by open 
ing a new window containing the annotation or by presenting 
the annotation in a separate frame of the current window. 
0059 User interface 20 may call commentary browser 36 
to present a list of annotations to user 12A. For example, 
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commentary browser 36 may present a list of one or more 
annotations in a commentary browser window, as shown in 
the example of FIG. 11. Commentary browser 36 may fur 
thermore display a link associated with an annotation, Such 
that when user 12A clicks the link, user interface 20 will 
present the sheet to which the annotation was relevant, high 
light the cell for which the annotation is relevant, and/or 
display the annotation. The link may be a link to the context 
in which the annotation was originally entered. Continuing 
the above example, commentary browser 36 may present a 
list of annotations to user 12A, including in the list an entry 
for cell C5 E13. When user 12A selects the annotation 
associated with cell C5), E13, commentary browser 36 
may display a link to A3, B2, D7). CxE}. When user 
12A selects the link, commentary browser 36 may display the 
sheet defined by AI3). B2), D(7), CxE} and depicta flag or 
other indication of an annotation in cell C5 E13. 
0060 Commentary browser 36 and/or user interface 20 
may further enable deletion of one or more of the annotations. 
User 12A may accordingly request to delete one of the anno 
tations. In response, planning application 25 may remove the 
deleted annotation from annotation tables 24. When all anno 
tations for a particular cell are deleted, user interface 20 may 
remove the flag that indicated the presence of an annotation 
from the display of the cell. 
0061 Enterprise system 14 may automatically aggregate 
the contribution data across enterprise 4 in real-time, and may 
provide access to the aggregated data to reviewers associated 
with higher levels of the enterprise. This process continues 
until the contribution data is ultimately approved by the 
reviewers associated with the highest level of the organiza 
tional hierarchy, thereby ensuring that the contribution data 
from the contributors reconciles with corporate targets. 
0062. In one embodiment, annotations may also be aggre 
gated during data aggregation. For example, distinct users, 
e.g. users 12A and 12B, may have annotated two distinct 
cells. During data aggregation, the two cells may become 
aggregated into one cell. The data for the two cells may be 
combined mathematically or by Some other means. Annota 
tion table 24 may likewise aggregate the annotations. That is, 
the annotations for each cell may be joined to form a single 
list of annotations. In one embodiment, user interface 20 may 
present a single list of annotations for Such an aggregated cell. 
In other embodiments, user interface 20 may differentiate the 
annotations relevant to each particular cell. For example, user 
interface 20 may present multiple lists of annotations, anno 
tations differentiated by color wherein user interface 20 
selects a distinct color for each of the cells being aggregated, 
or by other means. 
0063. In one embodiment, calculation engine 22 and data 
cubes 32 are loaded for use during the enterprise planning 
session. Calculation engine 22 may, for example, comprise a 
forward calculation engine 22 wrapped in an ActiveX object 
built in an array-based language. In other embodiments, cal 
culation engine 22 may be implemented by creating layered 
function datasets within object store 30. Calculation engine 
22 may generally perform operations, such as mathematical 
operations, on cells of data cubes 32. 
0064 FIG.3 is a flow chart illustrating an example process 
for entering an annotation. The example of FIG. 3 is directed 
to entering an annotation for a specific cellofa sheet, however 
a similar process may be used for entering annotations for 
higher-ordered objects, such as sheets and data cubes. As 
discussed with respect to FIG. 2, user interface 20 may 
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present an option to a user, for example, user 12A, to enteran 
annotation. When user 12A selects this option, user interface 
20 may receive the request to enter an annotation and call 
annotation interface (IF) module 38 (100). 
0065. In response, annotation IF module 38 may direct 
planning application 25 to retrieve the definition of the sheet 
in which user 12A is entering the annotation (102). A sheet 
may be defined by context, e.g. selected rows and columns 
and single-value dimensions. Rows may be all entries in one 
dimension of a data cube, while a column may all entries in a 
different dimension of the data cube. The context may further 
include particular values of the remaining dimensions of the 
data cube. For example, data cube 32A may have five dimen 
sions {A, B, C, D, E, one sheet may be defined as C, E, 
A3, B2, D7). This exemplary sheet would be a cross tab 
display of rows C by columns E, wherein the data is selected 
for A3, B2, and D7. Planning application 25 would 
retrieve the sheet definition {C, E, AI3). B2), D7). 
0.066 Planning application 25 may then retrieve the coor 
dinates of a cell for which user 12A indicated a desire to enter 
an annotation (104). In continuing the above example, user 
12A may have selected the cell C5), E13. Accordingly, 
planning application 25 would retrieve C5), E13 as the 
coordinates of the cell. 
0067 Planning application 25 may also retrieve certain 
information for the annotation to identify the annotation, to 
distinguish the annotation from other annotations, or for other 
reasons. In the example portrayed in FIG. 3, planning appli 
cation 25 retrieves a userID, the current date, which may be a 
date/time according to any Suitable format, and a current cell 
value (106). Other embodiments may retrieve this or other 
information. 
0068 Annotation IF module 38 may then prompt user 12A 
for a comment (108). In one embodiment, for example, anno 
tation IF module 38 may presentagraphical textbox, such as 
comment box 330 of FIG. 7, to user 12A. Annotation IF 
module 38 may display some or all of the information 
retrieved at (106) as part of the graphical text box, as in the 
example of FIG. 7. User 12A may then enter a comment and 
submit the comment, for example, by pressing an “OK” but 
ton also presented by annotation IF module 38. In response, 
annotation IF module 38 may retrieve the comment entered 
by user 12A. 
0069 Planning application 25 may then determine 
whether the annotation was the first annotation (112). For 
example, planning application 25 may examine annotation 
tables 24 to determine whether, for the selected data cube, an 
annotation exists in the selected cell of the selected data cube 
for the particular context. In continuing the above example, 
planning application 25 may examine annotation tables 24. 
e.g. annotation table 34A related to data cube 32A, to deter 
mine whether a comment exists for cell C5 E13 in the 
context of C, E, A3, B2, D7) of data cube 32A. Notably, 
planning application 25 determines more than simply 
whether an annotation exists for the cell defined by AI3). 
B2), C5, D7, E13 of data cube 32A, because annota 
tions are typically sensitive to the context in which they are 
entered. However, other embodiments may utilize other stor 
age schemas wherein annotations are simply stored according 
to the coordinates of the cells to which the annotations relate. 
0070. When planning application 25 determines that the 
annotation is the first annotation for the selected cell in the 
given context (“YES branch of 112), planning application 25 
may store all of the details of the annotation (114). That is, 
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planning application 25 may create a new entry in annotation 
tables 24, defined by the coordinates and the context of the 
cell for which user 12A entered the annotation. Planning 
application 25 may then store the details of the annotation, 
e.g. the userID, the date, the current value, and the user 
comment, in the new entry of annotation tables 24. 
0071. When planning application 25 determines that the 
annotation is not the first annotation for the selected cell in the 
given context (“NO” branch of 112), implicitly an annotation 
already exists for the selected cell in the given context. 
Accordingly, planning application 25 may store the details of 
the new annotation for the selected cell with the previous 
annotation (116). That is, a new entry is not necessarily 
needed in annotation tables 24 in order to store the new 
annotation. 

0072. In some embodiments, annotation tables 24 may 
store annotations in annotation tables 24 in an array indexed 
by the cell coordinates and context and an ordinal number 
according to the order in which the annotation for the cell was 
received. In other embodiments, annotation tables 24 may use 
a "date' field of an annotation to differentiate annotations for 
a particular cell in a particular context from each other. In any 
case, planning application 25 may enable users 12 to view 
each annotation for the cell individually or to view all of the 
annotations together. Moreover, planning application 25 may 
later receive a request to delete a particular annotation from 
the cell, therefore storing the annotations for a cell individu 
ally may enhance the efficiency of viewing and/or deleting 
individual annotations. 

0073 FIG. 4 is a flowchart illustrating an example process 
for displaying a list of annotations. User interface 20 may 
present a user, Such as user 12A, with an option to view a list 
of annotations. When user 12A selects this option, user inter 
face 20 may receive the request (200) and call commentary 
browser 36 in response. In general, commentary browser 36 
may display a list of available annotations to user 12A, as well 
as provide the ability for user 12A to select an annotation and 
see the context in which the annotation was entered. Com 
mentary browser 36 may further enable user 12A to apply one 
or more filters to the available annotations to aid user 12A in 
finding a particular annotation or annotations of particular 
interest. Commentary browser 36 may also allow user 12A to 
delete an annotation. Although not shown in the flowchart of 
FIG. 4, in one embodiment, user 12A may also select a 
"cancel option at essentially any time during the process to 
end the process and close commentary browser 36. 
0074 Commentary browser 36 may first cause planning 
application 25 to examine annotation tables 24 to search for 
all available annotations (202). Commentary browser 36 may 
retrieve this information from planning application 25. Com 
mentary browser 36 may also provide an interface by which 
user 12A may apply one or more filters, as described with 
respect to the example of FIG. 11. 
0075 Commentary browser 36 may create a list of all 
available annotations (204). Commentary browser 36 may 
display the list of available annotations (206), for example, as 
depicted in FIG. 11. When user 12A requests one or more 
filters, commentary browser 36 may apply the selected filters 
and display only those annotations satisfying the filtering 
criteria. For example, user 12A may request to see annota 
tions with files attached; commentary browser 36 may deter 
mine which annotations from the full list have files attached 
and display only those annotations accordingly. 
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0076 User 12A may request to view a particular annota 
tion from the list of displayed annotations. In one embodi 
ment, for example, user 12A may control a pointer with a 
mouse attached to computing device 16A. User 12A may 
select a particular annotation from the list of annotations by 
pointing to the annotation and pressing a button on computing 
device 16A, such as a left mouse button. Commentary 
browser 36 may then receive the request to view the selected 
annotation (208). In continuing the above example, user 12A 
may request to view an annotation corresponding to cell C5. 
E13. Commentary browser 36 may retrieve the sheet defi 
nition, i.e. the context, corresponding to the annotation from 
planning application 25 (210). That is, for the above example, 
commentary browser 36 may retrieve the context definition 
{C, E, AI3). B2, D7 from planning application 25. 
0077 Commentary browser 36 may then display the anno 
tation and a variety of options (212). In one embodiment, for 
example, commentary browser 36 may display the annotation 
in a separate textbox from that of a textbox for displaying the 
list of annotations. Commentary browser 36 may generate a 
link to the context, e.g. the sheet, according to the retrieved 
context definition. For the above example, commentary 
browser 36 may display a link to the sheet corresponding to 
{C, E, AI3). B2, D7). Commentary browser 36 may also 
display an option to user 12A to delete the annotation. Com 
mentary browser 36 will then wait for user 12A to select an 
option (214). User 12A may select a different annotation, in 
which case commentary browser 36 will receive the newly 
selected annotation (208), retrieve the sheet definition (210) 
to create a link corresponding to the newly selected annota 
tion, and display the annotation, link, and available options 
(212). 
0078. When user 12A requests to delete an annotation 
(“DELETE branch of 214), commentary browser 36 may 
instruct planning application 25 to delete the annotation from 
annotation tables 24. Planning application 25 may accord 
ingly remove the annotation from annotation tables 24 (216). 
For example, if the annotation was for a cell of data cube 32A, 
planning application 25 may delete the selected annotation 
identified by the contextand the selected coordinates in anno 
tation table 24A. In the case that the deleted annotation was 
one of a plurality of annotations for the same cell in the same 
context, planning application 25 will only delete the selected 
annotation, not the entire list of annotations for that cell. 
Accordingly, planning application 25 may need to rearrange 
the annotations stored in annotation tables 24. For example, if 
annotation tables 24 store annotations in an array data struc 
ture, planning application 25 may move Subsequent entries in 
the array forward by one unit. As another example, if anno 
tation tables 24 store annotations as a linked list data struc 
ture, planning application 25 may rearrange one or more 
pointers of the linked list. For other data structures, planning 
application 25 may act accordingly. Commentary browser 36 
may also remove the deleted annotation from the displayed 
annotation list. 

(0079. When user 12A requests to view the sheet, (“VIEW 
branch of 214), commentary browser 36 may instruct user 
interface 20 to display the sheet in which the annotation was 
entered. User interface 20 may use the context definition to 
recreate and display the sheet (218). In one embodiment, user 
12A may click the link to the sheet by controlling a pointer 
with a mouse attached to computing device 16A to request to 
view the sheet. In some embodiments, commentary browser 
36 may close after user 12A requests to view the annotation. 
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In any case, user interface 20 may display the sheet corre 
sponding to the annotation. In some embodiments, user inter 
face 20 may highlight the cell corresponding to the annota 
tion, for example, by displaying a box around the 
corresponding cell. In the above example, user interface 20 
may display the sheet C, E, AI3). B2, D7 by retrieving 
values for A3, B2, and D7 from planning application 25 
and displaying the data for the dimension C in rows and the 
dimension E in columns. User interface 20 may also highlight 
cell C5), E13. In some embodiments, user interface 20 may 
further display the annotation, for example, as a tooltip next to 
the annotated cell, although other embodiments may display 
the annotation with other Suitable means. As another 
example, another embodiment may display the annotation in 
a distinct window. Yet another embodiment may display the 
annotation in a separate frame or toolbar of the same window. 
0080 FIG. 5 is a screen illustration of a user interface 300 
for viewing and entering planning data. User interface 300 is 
an example embodiment of user interface 20 of FIG. 2. User 
interface 300 presents an exemplary sheet view of data from 
data cubes 32. As discussed above, when one of users 12 (e.g., 
user 12A) needs to enter or view, for example, planning data, 
user 12A may cause computing device 16A to execute plan 
ning application 25. When planning application 25 executes, 
planning application 25 downloads a slice of planning data 
from enterprise system 14 and stores the planning data in one 
or more of data cubes 32. This disclosure refers to this down 
loaded slice as user planning data. After planning application 
25 stores user planning data, planning application 25 may 
cause computing device 16A to display user interface 300. 
User 12A may request that user interface 300 display particu 
lar data from data cubes 32, as described in greater detail 
below. 

0081. User interface 300 presents user planning data in a 
manner that may be readily understood by a human user. For 
instance, user interface 300 includes tabs 302 for each data 
cube in user planning data stored in data cubes 32. Tabs 302 
indicate a “Product Price and Cost' data cube, an “Employee 
Grades' data cube, a “Compensation Assumptions' data 
cube, an Asset Purchases’ data cube, an “Employee Plan” 
data cube, a “Revenue Plan” data cube, and an “Income 
Statement data cube. 

0082 In order to view and/or edit data in a data cube of 
user planning data, user 12A may use a mouse or other point 
ing device to click on the one of tabs 302 that indicates the 
data cube. In the example of FIG. 5, user 12A has clicked on 
the tab that indicates the "Revenue Plan” data cube. When 
user 12A clicks on one of tabs 302, planning application 25 
may cause user interface 300 to include a row selection box 
304, a column selection box306, and a set of context selection 
boxes 312. User 12A may use row selection box 304 to select 
items of a dimension of the selected data cube to serve as the 
vertical axis of a table 314 that presents data in the selected 
data cube. In the example of FIG. 5, user 12A has used row 
selection box 304 to select all items of an “Indoor and Out 
door Products' dimension of the "Revenue Plan” data cube. 
Similarly, user 12A may use column selection box 306 to 
select items of a dimension of the selected data cube to serve 
as a horizontal axis of table 314. In the example of FIG.5, user 
12A has used column selection box 306 to select all items of 
a "Months' dimension of the "Revenue Plan” data cube. 

0083 User 12A may then use context selection boxes 312 
to select one item in each of the other dimensions of the 
selected data cube. In the example of FIG. 5, the “Revenue 
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Plan’ data cube includes an 'elist’ dimension, a “Product 
Gross Margin' dimension, a "Channels' dimension, and a 
“Versions' dimension. Furthermore, in the example of FIG. 
5, user 12A has selected the “A1 item for the “elist dimen 
sion, the “Units' item for the “Product Gross Margin' dimen 
sion, “Discount Stores' item for the “Channels' dimension, 
and “Budget Version1item for the “Versions' dimension. In 
this way, user 12A specifies a two-dimensional sheet of the 
data in the selected data cube. 

0084. After user 12A uses row selection box 304, column 
selection box 306, and context selection boxes 312 to specify 
a two-dimensional sheet of the data in the selected data cube, 
user interface 300 presents the specified two-dimensional 
sheet of the data in the selected data cube as table 314, for 
example, in a cross tab display as shown in FIG. 5. Each 
individual cell in table 314 contains data of a cell of the 
selected data cube that is indicated by an item in the selected 
row dimension of the selected data cube, an item in the 
selected column dimension of the selected data cube, and 
selected items in the context dimensions. For example, cell 
316, in the “14.4V Professional Drill/Driver Kit with Flash 
light” row and in the “Mar-03” column of table 314, contains 
value “29,415” corresponding to data of a cell in the “Rev 
enue Plan’ data cube that is located at the “14.4V Profes 
sional Drill/Driver Kit with Flashlight' item in the “Indoor 
and Outdoor Products' dimension, the "Mar-03 item in the 
"Months' dimension, the 'Al' item in the 'elist’ dimension, 
the “Units' item in the “Gross Product Margin' dimension, 
the “Discount Stores' item in the “Channels' dimension, and 
the “Budget version 1 item in the “Versions’ dimension. 
I0085 FIG. 6 is an example screen illustration of a user 
interface 300 for requesting to enter an annotation. User 12A 
may add annotations to cells in table 314 or to other higher 
level objects such as sheets or data cubes. An annotation may 
be text-based commentary or other descriptive data that user 
12A inputs in order to provide additional information about a 
particular cell. User 12A may also attach a file to the anno 
tated cell, as described in greater detail below. That is, an 
annotation of a cellor other data object may include attaching 
a file of any sort to the cell or data object in addition to, or in 
lieu of text-based commentary. In one embodiment, annota 
tion IF module 38 may automatically enter certain descriptive 
data about an annotated cell in the annotation. In order to add 
an annotation to a cell in table 314, such as cell 316, user 12A 
may use amouse or other input device to position a cursor 318 
over cell 316 in table 314. When user 12A positions cursor 
318 over a cell in table 314, user 12A may press a button on 
computing device 16A in order to cause user interface 300 to 
display a cell options menu 320. For instance, user 12A may 
press the right mouse button in order to cause user interface 
300 to display cell options menu 320 for cell 316, as depicted 
in FIG. 6. Cell options menu 320 includes an annotate option 
322. If user 12A selects annotate option 322, user interface 
300 may cease to display cell options menu 320, but may 
instead display an annotation entry window that user 12A 
may use to add an annotation to the cell. An exemplary 
embodiment of an annotation entry window is illustrated in 
the example of FIG. 7. 
I0086 Although not illustrated in the example of FIG. 6, 
user 12A may also position cursor 318 over one of tabs 302. 
After user 12A positions cursor 318 over one of tabs 302, user 
12A may press a button on computing device 16A in order to 
cause user interface 300 to display a data cube options menu. 
This data cube options menu may also include an annotate 
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option. If user 12A selects this annotate option, user interface 
300 may display an annotation entry window similar to that 
which user 12A may use to add an annotation to a cell. User 
12A may then use this annotation entry window to add an 
annotation to the data cube or to some other object. Likewise, 
user 12A may position cursor 318 over a separate portion of 
user interface 300 and press a button on computing device 
16A in order to cause user interface 300 to display a sheet 
options menu, whereby user 12A may select an annotate 
option to enter an annotation with respect to the currently 
displayed sheet. In alternative embodiments, other option 
selection means may be used without departing from the 
principles of the techniques described herein. For example, in 
one embodiment, user 12A may select the “Tools' drop-down 
menu from the standard toolbar at the top of user interface 
300. The “Tools' drop-down menu may include an annotate 
option that user 12A may select to annotate a cell, a sheet, a 
cube, or other data object. 
0087 FIG. 7 is a screen illustration of user interface 300 
upon which an annotation entry window 330 is superim 
posed. User interface 300 may present annotation entry win 
dow 330 when user 12A selects annotation option 322 in 
order to add an annotation to a cell. Annotation entry window 
330 includes comment box 336. User 12A may enter text into 
comment box 336 in order to provide additional information 
about a selected cell in table 314. In the example of FIG. 7, 
user 12A has entered the text “Order placed for 500 additional 
units of 14.4V Professional Drill/Driver Kit with flashlighton 
Mar. 13, 2003. This comment might be useful to another one 
ofusers 12 who may see the cell in table 314 and wonder why 
the data in the cell is 500 units higher than when the user 
previously saw table 314. Annotation entry window 330 may 
also include an indication 332 of the name or user identifica 
tion of the current user. Moreover, when entering an annota 
tion for a specific cell, annotation entry window 330 may 
include an indication 334 of the current value of the cell. 
When entering an annotation for a higher-order object, Such 
as a sheet, annotation entry window 330 may omit current 
value indicator 334 or may display "N/A" as the value. 
0088 Annotation entry window 330 also includes a set of 
input boxes that allow user 12A to attach one or more files to 
an annotation for a cell in table 314. For instance, user 12A 
may attach a file present on a local hard disk of computing 
device 16A by entering a path to the file in a path field 384. 
User 12A may also attach files present on other storage 
devices, such as network drives. In the example of FIG.7, user 
12A has entered the path 
“C:\Invoices\Products\Professional\orderO71007.pdf into 
path field 384. This attached file may contain an invoice for 
the order for 500 drill/driver kits alluded to in comments box 
336. A filename box 386 in annotation entry window 330 
allows user 12A to enter a user-friendly name for the file 
attached to the annotation. In the example of FIG. 7, user 12A 
has entered the name “Invoice for order” in filename box 386. 
When a Subsequent user requests to view the annotation of a 
cell that has an attached file, planning application 25 may 
permit the user to view the attached file. Planning application 
25 may retrieve the attached file and display the file to the 
user. In continuing the above example, user 12B may request 
to view the file attached to cell 316. Accordingly, planning 
application 25 may retrieve the file “orderO71007.pdf from 
location “C:\Invoices\Products\Professional.” Planning 
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application 25 may also display this file to user 12B. In 
general, user 12A may attach any sort of file to an annotated 
object. 
0089. When user 12A selects an “OK” button338 of anno 
tation entry window 330, planning application 25 automati 
cally adds the annotation to the cell. Planning application 25 
may store the annotation in annotation table 24. In addition, 
planning application 25 may upload and store any files speci 
fied in path field 384. Alternatively, user 12A may select 
“Cancel box 340 of annotation entry window 330 to cancel 
the entry of the annotation, in which case planning applica 
tion 25 will not save a new annotation and annotation entry 
window 330 will close. 
0090 FIG. 8 is a screen illustration of user interface 300 
displaying an annotation viewing window 342, herein 
referred to as a “tooltip.” for cell 316 of planning data in table 
314. After user 12A has added an annotation to cell 316 in 
table 314, user 12A or other ones of users 12 may view this 
annotation. User interface 300 may indicate the presence of 
an indication in a cell. In the example of FIG. 8, user interface 
300 has included a graphical flag 348 in cell 316 to indicate 
the presence of an annotation in cell 316. User 12A may view 
the annotation by positioning cursor 318 over a cell in table 
314 that has an annotation, such as cell 316. When user 12A 
positions cursor 318 over a cell in table 314 that has an 
annotation, user interface 300 may automatically display 
tooltip 342. Although the exemplary embodiment described 
with respect to FIG.8 uses a tooltip to perform the functions 
of annotation viewing window 342, it should be appreciated 
that other means of displaying an annotation may also be used 
in other embodiments. For example, in another embodiment, 
annotation viewing window 342 may be a new window or a 
new toolbar within the same window. 
(0091. In the example of FIG. 8, tooltip 342 includes the 
text “Order placed for 500 additional units of 14.4V Profes 
sional Drill/Driver Kit with flashlighton Mar. 13, 2003.” Note 
that this text is the same as the text entered in comment box 
336. Likewise, tooltip 342 includes user identifier 344 that 
corresponds to user indication 332 of annotation entry win 
dow 330 and value identifier 346 that corresponds to value 
indication 334 of annotation entry window 330. Tooltip 342 
may also include date identifier 345 that may include an 
indication of when (i.e., the date and/or the time) at which the 
annotation was entered. Various embodiments may display 
the date/time in various formats. 

0092. User 12A may edit entries of table 314. For 
example, as shown in FIG. 8, user 12A has changed the value 
of cell 316 from “29,415” to “29,915.” Users 12 may use the 
annotation feature of user interface 300 to track changes to the 
cells of table 314, although no change in the values is neces 
sary in order to enter annotations. In one embodiment, user 
interface 300 may present an auditing option to users 12 
wherein, when the auditing option is selected, planning appli 
cation 25 automatically records an annotation upon all 
changes to the data. Likewise, user 12A can disable the audit 
ing option and planning application 25 will accordingly stop 
automatically recording annotations for changes to the data. 
0093 FIG. 9 is a screen illustration of user interface 300 
upon which a subsequent annotation entry window 330A is 
Superimposed. One of users 12 may enteran additional com 
ment to a cell, such as cell 316, for which a comment already 
exists. The user entering the additional comment may be the 
same user or a different user than the user who originally 
entered the annotation. For example, user 12A may enter a 
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first comment, and user 12A may enter a Subsequent com 
ment to correct the value of cell316 and inform other users 12 
of the change, or to answer questions from other users 12. As 
another example, a different user, such as user 12B, may enter 
an annotation to cell 316 for which an annotation already 
exists. 
0094. In the example of FIG. 9, user 12A has already 
entered a comment for cell 316 and user 12B has requested to 
enter an additional comment. User interface 300 presents an 
annotation entry window 330A that is very similar to anno 
tation entry window 330. For example, annotation entry win 
dow 330A includes user identifier 332A, value identifier 
334A, comment box 336A, pathfield 384A, and filename box 
386A, each of which may perform substantially similar func 
tions to their respective counterparts in annotation entry win 
dow 330. In addition, annotation entry window 330A presents 
annotation history box 350 that presents previously entered 
annotations. In the example of FIG.9, annotation history box 
350 presents the annotation previously entered by user 12A. 
In one embodiment, when the text for annotation history box 
350 exceeds the size of box 350, user interface 300 may 
include scroll buttons on the side annotation history box 350 
(not shown) in order for user 12B to view the entire annotation 
history. 
0.095 When user 12B enters a comment in comment box 
336A and selects “OK” button 338A, planning application 25 
will save the new annotation along with previous annotations 
in annotation table 24. In the example of FIG.9, user 12B has 
entered the comment, “Please check the order history to con 
firm 500 additional units. I believe it is only 400 additional 
units.” 

0096 FIG. 10 is a screen illustration of user interface 300 
displaying tooltip 342 that includes multiple annotations 
342A and 342B for cell 316 of planning data in table 314. As 
in FIG. 8, user interface 300 includes a graphical flag 348 in 
cell 316 to indicate the presence of a comment in cell 316. In 
some embodiments, user interface 300 may indicate the pres 
ence of multiple comments in a cell in a manner that is distinct 
from the manner in which user interface 300 indicates the 
presence of a single comment. In the example embodiment of 
FIG. 10, however, user interface 300 uses the same graphical 
flag 348 to indicate the presence of one or more comments in 
a cell. In the example of FIG. 10, user 12B has also changed 
the value of cell 316 from “29,915 to “29,815. 
0097. When a user, such as user 12A, positions cursor 318 
over a cell in table 314 that has an annotation, user interface 
300 may automatically display tooltip 342. For a cell that 
includes multiple comments, tooltip 342 may include mul 
tiple partitions, e.g. window 342A and 342B. In the example 
of FIG. 10, window 342A includes user identifier 344A that 
corresponds to user indication332A of annotation entry win 
dow 330A and value identifier 346A that corresponds to value 
indication 334A of annotation entry window 330A. Window 
342B includes user identifier 344B that corresponds to user 
indication 332 of annotation entry window 330 and value 
identifier 34.6B that corresponds to value indication 334 of 
annotation entry window 330. Moreover, windows 342A, 
342B include respective date fields 345A, 345B that indicate 
the respective dates and times at which the respective anno 
tations were entered. 

0098 FIG. 11 is a screen illustration of user interface 300 
upon which a commentary browser 360 is superimposed. 
Commentary browser 360 enables users 12, such as user 12A, 
to view all annotations in annotation table 24 related to down 
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loaded data cubes 32. User 12A may see comments relevant 
to any sheet of any datacube. In the example of FIG. 11, 
commentary browser 360 includes comment list 364, com 
ment box 366, “Delete' button 370, “Print” button 372, and 
“Close” button 374. User 12A may open the commentary 
browser window by, e.g., positioning cursor 318 over a 
“browse” option and pressing a button on computing device 
16A, such as a left mouse button. The example of FIG. 6 
depicts browse button 324 as part of option menu 320. Other 
embodiments may include other means for opening commen 
tary browser 360, e.g., by including a “browse” option in the 
drop-down menu from the “Tools' option of the standard 
toolbar menu. 

0099 Comment list 364 displays a list of annotations 
available to user 12A. User 12A may narrow the list of anno 
tations using commentary filter 376 and commentary view 
378. Commentary filter 376 may include a variety of filtering 
options for user 12A. In the example of FIG. 11, commentary 
filter 376 presents three check-boxes, “User Annotation.” 
“Audit,” and “Attached Document.” When the boxes are 
checked, annotations satisfying the respective filtering crite 
ria are displayed. For example, if user 12A checks the 
“Attached Document filter, only annotations that include an 
attached document will be displayed. In other embodiments, 
other filtering criteria may be presented. For example, in 
another embodiment, commentary filter 376 may present a 
textbox to users 12 as well as a “Search By” drop-down menu 
(not shown); user 12A may select “User Name” from the 
"Search By” drop-down menu and type in the user name 
“STC to view only annotations from user “STC.” Those 
skilled in the art will appreciate that other types of searches 
and filtering functions may be presented. 
0100 User 12A may also narrow the list of annotations 
using commentary view 378. In the example of FIG. 11, 
commentary view 378 displays two radio buttons that allow 
user 12A to view either all available annotations (i.e., “All 
Pages') or only annotations regarding the current sheet (i.e., 
“Current Page'). Other embodiments may present other 
options as well. For example, an alternative embodiment may 
present radio buttons that allow user 12A to view all annota 
tions relevant to specific dimensions or specific data cubes. 
0101 User 12A may select an annotation from annotation 
list364. Commentary browser 360 may illustrate the selected 
annotation by highlighting the selected annotation, as shown 
in FIG. 11. Once user 12A has selected an annotation, com 
mentary browser 360 may display the values of the annotation 
in comment box 366. For example, comment box 366 may 
display the user identification of the user who entered the 
annotation, the date the annotation was entered, and the com 
ment associated with the annotation. Moreover, comment box 
366 may include a link 368 to the sheet for which the com 
ment was entered. Link 368 enables user 12A to quickly and 
easily retrieve the context in which the annotation was 
entered. That is, user 12A may select link368 by positioning 
cursor 318 over link 368 and pushing a button on computing 
device 16A, such as a left mouse button. Upon selecting link 
368, user interface 300 may present the sheet in which the 
annotation was entered to user 12A. 

0102 User 12A may also perform other functions with 
commentary browser 360. For example, user 12A may delete 
an annotation using “Delete' button 370. Once user 12A has 
selected an annotation from annotation list364, user 12A may 
select"Delete' button370 by, for example, positioning cursor 
318 over “Delete' button 370 and pushing a button on com 
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puting device 16A, such as a left mouse button. In response to 
a user selecting “Delete' button 370, planning application 25 
may remove the selected annotation from annotation tables 
24. When planning application 25 connects to enterprise sys 
tem 14, planning application 25 may upload updated annota 
tion tables 24 that do not include the deleted annotation, 
therefore the deleted annotation will no longer be present 
either on computing device 16A or anywhere in enterprise 
system 14. 
0103) In a similar fashion, user 12A may print one or more 
annotations from annotation list364 by selecting one or more 
annotations from annotation list 364 and selecting “Print” 
button 372. Computing device 16A may transmit data to a 
printing device (not shown) in response to user 12A selecting 
“Print” button 372, wherein the data sent to the printing 
device may include instructions to print the selected annota 
tion(s). Likewise, user 12A may select “Close' button 374 to 
close commentary browser 360 and to return to the sheet view 
of user interface 300. 
0104 Various embodiments of the invention have been 
described. These and other embodiments are within the scope 
of the following claims. 

1. A method comprising: 
receiving contribution data of an enterprise in accordance 

with a multi-level enterprise model; 
storing the contribution data within a database; 
receiving a first annotation for an object of the contribution 

data; 
retrieving a context definition defining a context in which 

the first annotation was received; 
receiving a second annotation for the object within the 

same context as the context in which the first annotation 
was received; 

storing the first annotation, the second annotation, and the 
context definition; and 

outputting the first annotation and the second annotation. 
2. The method of claim 1, further comprising 
retrieving coordinates defining the object within the con 

text definition, 
wherein storing further comprises storing the coordinates. 
3. The method of claim 1, wherein storing the contribution 

data comprises storing the contribution data within a multi 
dimensional database. 

4. The method of claim 1, wherein outputting comprises 
displaying the first annotation and the second annotation to a 
USC. 

5. The method of claim 1, further comprising outputting a 
link to the context defined by the context definition. 

6. The method of claim 5, further comprising, when the 
link is selected, outputting a sheet according to the context 
definition. 

7. The method of claim 1, further comprising receiving a 
request to delete at least one of the first annotation or the 
second annotation. 

8. The method of claim 7, further comprising removing at 
least one of the first annotation or the second annotation from 
storage according to the received request. 

9. The method of claim 1, wherein receiving a first anno 
tation for an object comprises receiving a first annotation for 
at least one of a cell of data, a sheet of data, a slice of data, or 
a data cube. 

10. The method of claim 1, wherein storing the first anno 
tation, the second annotation, and the context definition com 
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prises storing the first annotation, the second annotation, and 
the context definition in the database. 

11. The method of claim 1, wherein at least one of the first 
annotation or the second annotation includes at least one of a 
user identifier, a date indicator, a value indicator, a comment, 
or an attached file. 

12. The method of claim 1, further comprising: 
receiving a plurality of different annotations for a single 

cell of data of a worksheet, wherein outputting com 
prises outputting the plurality of annotation in the order 
in which the annotations were received. 

13. A method comprising: 
retrieving contribution data from an enterprise system; 
retrieving a first annotation for an object of the contribution 

data from the enterprise system; 
retrieving a context definition defining a context in which 

the first annotation was entered; 
generating a link to the context defined by the context 

definition; and 
outputting the link. 
14. The method of claim 13, further comprising outputting 

a sheet inaccordance with the context definition when the link 
is selected. 

15. The method of claim 13, further comprising storing the 
first annotation in an annotation table. 

16. A computing device comprising: 
a user interface to receive contribution data of an enterprise 

and to display a sheet of the contribution data; 
an annotation interface module to receive one or more 

annotations for objects of the contribution data; 
a planning application to retrieve a context definition defin 

ing a context in which each of the annotations was 
received; and 

an annotation table to store each of the annotations and the 
context definition corresponding to each of the annota 
tions, 

wherein the user interface is configured to output the anno 
tations. 

17. The computing device of claim 16, 
wherein the annotation interface module is configured to 

receive at least two annotations for an object of the 
contribution data within the same context, 

wherein the planning application is configured to retrieve 
coordinates defining the object within the context defi 
nition, and 

wherein the annotation table is configured to store the 
coordinates. 

18. The computing device of claim 16, wherein at least one 
of the annotations includes at least one of a user identifier to 
identify a user who entered the annotation, a date identifier to 
identify the date on which the annotation was entered, a value 
indicator to identify the value of the object at the time the 
annotation was entered, a comment field to present a com 
ment from the user who entered the annotation, oran attached 
file. 

19. The computing device of claim 16, further comprising 
a commentary browser to output a link to the context defined 
by the context definition for at least one of the annotations. 

20. The computing device of claim 19, wherein the plan 
ning application is configured to instruct the user interface to 
generate the sheet defined by the context associated with the 
link when the link is selected. 
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21. A computer-readable medium comprising instructions 
for causing a programmable processor to: 

receive contribution data of an enterprise in accordance 
with a multi-level enterprise model; 

store the contribution data within a database; 
receive a first annotation for an object of the contribution 

data; 
retrieve a context definition defining a context in which the 

first annotation was received; 
receive a second annotation for the object within the same 

context as the context in which the first annotation was 
received; 

store the first annotation, the second annotation, and the 
context definition; and 

display the first annotation and the second annotation to a 
USC. 

22. The computer-readable medium of claim 21, further 
comprising instructions to: 
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retrieve coordinates identifying the object within the con 
text definition, and 

store the coordinates. 
23. The computer-readable medium of claim 21, further 

comprising instructions to: 
output a link to the context defined by the context defini 

tion, and 
output a sheet according to the context definition when the 

link is selected. 
24. The computer-readable medium of claim 21, further 

comprising instructions to: 
receive a request to delete at least one of the first annotation 

or the second annotation, and 
remove at least one of the first annotation or the second 

annotation from Storage according to the received 
request. 


